Energy is conserved in every device or process and cannot be destroyed.
through better sitting, design, material selection, construction, operation, maintenance, and removal -over the complete building life cycle. Over the past years, this concept has gained importance with masses becoming aware of its benefits over the conventional construction. However, choosing sustainable building material is an important focus area. Sustainable or eco materials or environment friendly building materials are gaining importance in many ways. The consideration is to take care of the depleting resources, the embodied energy consumption, CO2emissions without impacting the occupants' health and productivity. These materials are composed of renewable and reusable, rather than nonrenewable resources and are environmentally responsible because impacts are considered over the life of the product (Schimel et al., 2001 ).
The HVAC systems consume 16%-50% of energy, the largest share among all other applications in buildings (Mandil 2004) . The heating/cooling system working for low-exergy is, stated as those systems where undervalued energy is used as source (VTT Research Notes 2004) . Lee and Sherif (2001) showed that supply temperatures for an air system working on forced convection, must be close to the required temperature inside the room. It should also be noted that exergy expenditure throughout the process is in proportion to entropy created in the process. The total exergy (kW) going into a system, due to the interaction of heat and mass, at environmental temperature is, Tenvir, (Koroneo et al., 2010) Where, s being the system's entropy (kJ/kg K)
The exergy balance (kW) is given as (Koroneo et al., 2010) ∑ Ψ in = ∑ Ψ dest + ∑ Ψ out (4.4)
The exergy efficiency is given as follows (Koroneo et al., 2010) η Some researchers have investigated a heating system of low exergy for total exergy input rate [Balta et al., 2008; Balta et al., 2010] . Also, relationship and differences between energy, exergy and entropy of a building when subjected to heating conditions were discussed by (Shukuya 1994) . Shukuya and Hammache closed roof structures was presented (Villi et al., 2009 ). An overview of Multiphysics applications using COMSOL for building physical construction simulation was carried by (Schijndel 2011). The overview includes heat, air and moisture transfer, separately and jointly. Vats and Tiwari (2012) performed the study of building unified with semitransparent photovoltaic thermal system (BISPVT), the analysis of building heating and cooling system (Zhou and Gong 2013) and use of exergy analysis to find the efficiency of waste water treatment plant was done by researchers (Horrigan et al., 2014) . Also, both industrial and academic world are now a days focusing on the developing materials used for insulation made up of sustainable composites, reinforced with natural fibres. The review suggesting the use of the basalt fibre and its composites as reinforcement of different matrices as polymer (both thermoplastic and thermoset), metal and concrete was presented (Fioreet al., 2015) . Eymard et al., (2015) investigated mechanical behavior, at a local scale, of a solution of a thick thermal insulation pneumatically placed from outside for refurbishment was done to show the strength of critical area: the interface with its concrete substrate.
It is also worth considering that only exergy analysis of different components of building is not sufficient, the use of proper construction materials for prolonging the effect of thermal comfort thus generated by HVAC systems is also very important. Wood, as a green/sustainable building material, has many positive characteristics, including low embodied energy, low carbon impact, and sustainability. These characteristics are important because a little more than half the wood harvested in forest ends up as building material used in construction and are explained as under:
Embodied Energy: The Embodied energy refers to quantity of energy required to harvest, mine, manufacture, and transport to the point of use a material or product. Wood, a material that requires a minimal amount of energy-based processing, has a low level of embodied energy relative to many other materials used in construction (such as steel, concrete, aluminum, or plastic). et al., 1995) and insulation materials (Koch 1992) in building design have less environmental burdens than other competing materials.
Sustainability:
Unlike metals and fossil-fuel-based products (such as plastics), our forest resource is renewable and with proper management a flow of wood products can be maintained indefinitely. The importance of forest-based products to our economy and standard of living is hard to estimate-majority of industrial raw materials come from the forests. However, sustainability of this resource requires forestry and harvesting practices that ensure the long-term health and diversity of our forests. Unfortunately, sustainable practices have not always been applied in the past, nor are they universally applied around the world today.
Research suggests that using wood instead of steel, concrete and brick; as construction material lowers the CO2 emissions and the energy use (Buchanan and Honey 1994; Lippke et al., 1994; Borjesson and Gustavsson 2000; Peterson and Solberg 2005; Gustavsson et al., 2006) . Also, a wooden construction has lesser embodied energy and CO2. So, selection of right material for right weather can lead to the sustainability in building construction.
The increase in use of wood and its composites in engineering structures and, The main objective of the present study is to conduct an exergy analysis of the building, for the achieving the thermal comfort, inside the building envelope for the entire duration of the day. The analysis is further extended to the various wall insulation conditions for a building and a comparison of their performance with respect to the exergy and energy.
It is thus evident that exergy analysis is a good means to establish the energy flow in the built structures, but is very less studied. However, conducting the exergy analysis of the building's construction/insulation materials for prolonging the effect of the thermal comfort thus generated by the HVAC systems is also very important. 
SYSTEM DESCRIPTIONAND VALIDATION
In the present work a building with a volume of 46.22m 3 is considered. Table 3 .2.
A MATLAB version R2012b was used to generate the code and required graphical plots. The system has been analyzed for the cases as mentioned above.
ANALYSIS
The heat loss through the building envelope can be divided into two groups (Balta et al.,2010) : The total transmission heat loss rate (with neglected thermal bridges) is the sum of losses from all the surfaces can be calculated as:
Where, ̇ in kW is transmission heat loss rate and in W/m 2 Kis thermal transmittance in i th surface. is their specific temperature correction factor, taken as 1 for all the surfaces, . is area in m 2 and Ti and To are the internal and outer temperatures in °C, respectively.
The ventilation heat loss rate ̇ is calculated by:
Where, is the specific heat of air which is 1.005 kJ/kg-K at 20°C and is the density of air which is 1.205 kg/m 3 at 20°Cand is the air exchange rate which is 1
and V is the volume in m 3 .
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The solar heat gain rate is calculated from
Where ̇ in kW is solar heat gain rate, , is solar radiation in W/m 2 (taken from pyranometer, as building would be exposed to direct radiations from the sun), is the window frame fraction and is taken as 0.3, , is all window areas and is 0.1, is the total energy transmittance of glazing which is 0.23(generally, a higher gvalue will be beneficial in cooler climates and a lower g-value in warmer climates.
Typically g-values will range between 0.2 and 0.7, with solar control glazing having a g-value of less than 0.5.), ℎ is the possible shading effects of other surrounding buildings and is the correction for non-orthogonal radiation on the window panes.
F sh = F no = 0.9, for all cases (4.9)
Internal heat gain is estimated as, Due to occupants,
Where, is the number of occupants.
Lighting power due to artificial lighting,
Where, ̇, , ,̇ are internal heat gain rate due to occupants which is equal to 0.1kW, internal heat gain rate due to equipment's, number of occupants which is equal to 1, Net area, lighting gains rate and specific power which is equal to 0.1, respectively. The specific number for heat demand rate in kW is,
Considering, generator heat demand rate, kW
The exergy load rate for lighting can be considered as,
Where, , is the quality factor for electrical energy and is taken as 0.9
The overall energy and exergy load rates of the building are, 
RESULTS AND DISCUSSION

CASE 1
In the present study, a building envelope with total volume of 46.22 m 3 has been analyzed for evaluating exergy, exergy demand rate, primary energy, heat demand rate and heat demand rate number for a building envelope with (a) oven dry wood as an insulating material and, (b) oven dry wood as a construction material.
Further, analysis based on actual data detailed in Table 3 .1 and Table 3 .2 for indoor air temperature of 23°C and a variation of ambient temperature on atypical day of July 2014. Fig. 4 .2 shows the variation of transmission heat loss rate with ambient temperature. Here the results for the "wood as insulation" are depicted by dark (black) shade and the value for the "only wood" can be interpreted as the subtraction of the dark shaded value from the total height of the bar. It is clear from the figure that ambient temperature is having greater influence on transmission heat loss rate with a typical absolute value of 1.65 kW at maximum temperature on that day and 8.49 kW at a temperature of 30°C in the case where oven dry wood is used as an insulating material (Refer Table 3 .2 on page no. 48 for the details of the material combination(s) used). The absolute value is taken in the analysis, reveals that heat is flowing from outside to inside the built envelope. The percentage transmission heat loss if calculated is on higher side for the case with wood as insulating material as compared to what is in the case of wood as only construction material. The same trend is attributed to fact that thermal conductivity of wood being same in both the cases, the thickness of insulation greatly influences the heat transmission rate. This configurations. as can be seen from the figure that solar heat gain is largely influenced by the ambient temperature, with maximum value of 1.14 kW at 11:00 a.m. and at a temperature of 34.4°C. However, it is also observed that there is a variation in solar heat gain between the time period of 11:00 a.m. to 02:00 p.m. which is also compared based on exergy load rate number as shown in Fig. 4 .9. The building with least number at a particular temperature is considered to be the best and this will be attributed to the configuration of construction materials adopted for building envelope.
CASE 2
The analysis for evaluating the heat demand rate, exergy, exergy demand rate and heat demand rate number for a building envelope with (a) without insulation (b) with oven dry wood as an insulation material, (c) Polyurethane Foam as insulation, and (d) Fibre Glass as insulation; was done. Further, analysis based on actual data detailed in the Table 3.1 and Table 3 .2 for an indoor air temperature of 23°C and a variation of ambient temperature on a typical day of July 2014. This clearly shows how ventilation rate is influenced by the change in ambient temperature. The details also reveal that this gain is highest at 4 p.m. where ambient temperature is also highest during the day. reveal the highest value of Primary energy factor equal to 3 and, , , the primary energy factor for electricity equal to 4.2. Another significance of increased value is that no renewable energy technology is being used in the present study. The exergy load rate values can be reduced by employing renewable energy devices. 
CONCLUSION
The presented study signified futuristic need for building simulation programs for evaluating building envelope performances. This is aimed at developing sustainable healthy buildings. The study involved analysis of a typical building envelope for a typical day in July 2014 with the variation in ambient temperature.
The main aim was to achieve the thermal comfort within the building envelope.
Classical building equations were used to evaluate performance of building with variation in ambient temperature actually measured on that day. The study demonstrates building envelope behavior for four different cases adopted for quantifying the parameters explained earlier for achieving thermal comfort. The detailed mathematical equations and MATLAB programming helped in the simulation. The flow chart of MATLAB program is placed as APPENDIX -I.
CASE 1
It is seen that ambient temperature and incident solar radiation influences performance of the building for different construction and insulation materials. The oven dry wood was taken as an insulating material in one case and the same wood was used as a construction material in other case. Based on analysis, it was found that exergy load rate is the highest at a temperature of 36.4°C and is dependent on ambient temperature. Further, larger deviations from desired temperatures increases the heat demand rate depending upon the choice of construction material and therefore gives and opinion for selecting suitable technique for achieving thermal comfort. Further, it is concluded that exergy analysis is an important tool for the low exergy systems i.e. buildings and provides benefits like thermal comfort, improved indoor air quality and reduced energy consumption.
CASE 2
The results thus obtained shows that for a fixed thickness of different insulation, polyurethane foam can be considered to be the best option for achieving thermal comfort. The behavior thus obtained is influenced by ambient temperature thus making exergy analysis an important tool to be adopted for building systems.
The results revealed that ambient temperature influences the transmission heat loss with the lowest at a temperature of 30°C for Polyurethane foam insulation. However, energy requirement drastically reduces by adopting suitable insulating material as compared to building having no insulation materials. The lowest heat demand rate is 2.65 kW at a temperature of 30°C. The heat demand rate suddenly falls at a temperature of 33°C, 34.3°C and 36.6 °C due to lower contribution of solar heat gain through transparent surfaces as solar radiation levels are quite low at these temperatures. The variation of the exergy load rate with ambient temperature is more influenced by amount of solar radiations depending upon a particular time in a day.
Exergy load rate number signifies that exergy in the building is favourable enough to provide its occupants with a serene, fresh and fit environment by comparing the buildings. It is found that least number with variation in ambient temperature is for Polyurethane Foam as an insulation material and thus can be concluded that same achieves a thermal comfort much faster as compared to other materials. The detailed program derived from this paper can be used by building professionals for getting the energy consumption pattern for buildings with which correct heating and cooling load can be estimated.
The results presented are based on exergy and energy aspects only and no economic factors have been considered. In order to actually analyze cost effectiveness of proposed technology, initial capital costs, annual maintenance cost and other financial aspects are to be considered for optimum decision.
